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Influence of Silica on the Vulcanization Reaction by Sulfur/CBS in Isoprene Rubber

Takuya AKIKUSA, Masayoshi ITO*(Graduate School of Chemical Science and Technology, Tokyo University of Sci-
ence, 1-3 kagurazakashinjuku-ku, Tokyo 162-8601, JAPAN)*itma56@rs.kagu.tus.ac.jp

Effects of silica on the vulcanization reaction by sulfur/N-cyclohexyl-2-benzothiazolylsulfenamide (CBS) in iso-
prene rubber were studied by FT-IR and ESR. It was found that the induction time of vulcanization reaction was
shortened by the addition of silica. However, the efficiency of vulcanization at the final stage of reaction was lower for
silica filled sample than for unfilled one. The structure of CBS in the vulcanization system was investigated by the FT-
IR at a crosslinking temperature. It was found that by the addition of silica in the system new peaks appeared at 1541
and 1598cm™ suggesting a decomposition of CBS by silica. Further, the concentration of sulfur radical during the vul-
canization was decreased by the addition of silica. However, the decomposition was suppressed by the removal of
water molecules absorbed directly on silica surface. These results indicated that at an initial stage of vulcanization,
most of CBS was decomposed by silanol groups which were covered with the adsorbed water, leading to the fast vul-
canization reaction by sulfur, however, the concentration of CBS dropped quickly at the initial stage of vulcanization,
resulting in the low efficiency of vulcanization. These results were explained by the decomposition of CBS by acid cat-

alyst ability of silanol groups.
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Table 1 Compound formulations

Ingredient phr?

IR-UN  IRGB IR-A50 IR-AQ IR-SA

IR” 100 100 100 100 100
Zinc Oxide 3 3 3 3 3
Stearic acid 2 2 2 2 2
Sulfur 15 15 15 15 15

CBSY 15 15 15 15 15

GBY - 30

A50 - - 30

AQ - - - 30

SAY - - - - 30

a) weight per hundred rubber b) M, = 1.36 x 10°
¢) N-cyclohezyl-2-benzothiazolylsulfenamide
d) glass beads e) Silica-alumina catalyst
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Figure 1 Cure time dependence of torque at 160C for filled IR
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Figure 2 Changes of radical concentration as a function of treat-

systems ment time at 160 C for S/CBS/filler systems
Table 2 Cure characteristics for vulcanizates

Sample t1/min t,0/min Thu/N - m To/N * m Clzo,sihril;ﬂe;iﬁyg
IR-UN 9.08 11.30 2.04 0.22 145

IR-GB 8.63 1051 2.08 0.20 143

IR-A50 7.32 8.67 1.93 0.24 117

IR-AQ 0.64 5.64 1.52 048 0.51

IR-SA 1.88 3.85 0.27 0.10

(13)
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Figure 3 Changes of radical concentration as a function of time at

160 C for CBS/filler systems
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Figure 4 FT-IR spectra of CBS/AQ at 160 C with different hold-
ing times
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Figure 5 FT-IR spectra of CBS/SA at 160 C with different hold-
ing times
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Figure 6 Weight retention loss decrease for precipitated silica
from 30 to 500 C
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Figure 7 Changes of radical concentration as a function of holding
time at 160 C for CBS/AQ with different dry treatment
of 140 and 230C
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Figure 8 Changes of radical concentration as a function of holding
time at 160 C for CBS/AQ with different dry treatment
of 140 and 230 C
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Figure 9 Changes of radical concentration as a function of holding
time at 160 C for CBS, CBS/AQ and CBS/SG
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